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[0001] 

The present invention relates to a memory card including 
a flash memory, and a memory card system for recording data into 
the memory card. 
Background Art 
[0002] 

Memory cards that are card-type recording media including 
a flash memory , such as SD( Secure Digital) cards, are subminiature 
and ultraslim. Therefore, with its convenience in handling being 
appreciated, memory cards are widely used in digital apparatuses 
such as digital cameras to record data . For example, memory cards 
are used as recording media for recording moving images of 
relatively low transmission rate such as MPEG4 (Moving Picture 
Experts Group 4 ) . 
[0003] 

A flash memory included in aforementioned memory card 
generally comprises a plurality of blocks of a predetermined size 
(hereafter referred to as the "erase block") each of which to 
be the minimum unit to erase recorded data. When erasing data, 
an erasing process is performed in units of the erase block. The 
erase block comprises a plurality of pages of a predetermined 
size (hereafter referred to as the "write page"), and data is 
written in units of the write page on write pages from which data 
have been erased. 
[0004] 

FIG. 1 shows how data is written into the memory card. 
FIG. 1 shows an example of a change of a state when rewriting 
data only on one write page out of two write pages that make up 
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an erase block, taking, as a target to be rewritten, two erase 
blocks in a flash memory that is composed of erase blocks each 
of which comprises two 512-byte write pages. Each state is 
indicated by State 901a to 901d. 
[0005] 

In two erase blocks of a State 901a in FIG. 1, one (the 
upper) shows an erase block in which data A and data B have been 
written, another (the lower) shows an erase block from which data 
has been erased. 

When rewriting the data B in the flash memory of the State 
901a, data B ( NEW ) that has been renewed is written on one of the 
two write pages on the lower erase block from which the data have 
been erased. As a result of this, the flash memory changes to 
a State 901b. 
[0006] 

Next, the data A that have been written in the upper erase 
block is saved into the lower erase block, and then a State 901c 
is created. Then data in the upper erase block is erased. This 
would make the flash memory change to a State 9 Old. 

Here, a sequence of a process employed when rewriting data 
on a certain write page described above is called a "drag- in save" . 
[0007] 

Due to the drag- in save, in a case where a host apparatus 
issues a write command to write data on one write page, as one 
example , the number of write pages on which data is actually written 
becomes larger than the number of the write pages on which the 
write command instructed to write data . The actual writing speed 
in the drag -in save is therefore lower than the writing speed 
recognized by the host apparatus. 

In regard to such a memory card, to realize a high-speed 
recording , the inventors of the present invention invented a system 



in which write commands are issued to a memory card to write data 
in blocks the size of which is an integral multiple of the size 
of the erase block of a flash memory of the memory card. The 
inventors have already filed an application for patent in Japan 
(Refer to Japanese Patent Application No. 2003-121178). 
[0008] 

Also, as a system for realizing a high-speed recording, 
a patent publication in Japan discloses a system in which erase 
blocks wherein all of write pages that are recordable are searched 
among erase blocks of a memory card that is composed of several 
flash memories, and then data is recorded in parallel into several 
erase blocks (Refer to Document 1) . 

Meanwhile, to use a memory card as a recording medium to 
record video data of long hours that is output at as high a transfer 
rate as 4 MB/sec, as in the case where the data is output from 
a digital video apparatus in the DV (Digital Video) format, a 
guarantee that the data is recorded at a recording rate higher 
than a predetermined recording rate is necessary. 
[0009] 

However, the system for a high-speed recording of the 
conventional memory card cannot guarantee a lowest limit of the 
recording rate (hereafter referred to as the * lowest recording 
rate") as a recording speed of the memory card. The guarantee 
of the lowest recording rate denotes that data continues to be 
written into the memory card at the lowest recording rate. 

It should be noted here that a memory card whose highest 
recording rate is approximately lOMB/sec, as one example, is 
conventionally sold. However, this memory card does not have 
a spec generated taking into account a variation in flash memories , 
and does not guarantee the lowest recording rate. 
[0010] 



The following explains why it is difficult for the 
conventional system for a high-speed recording to guarantee the 
lowest recording rate. 

Generally, personal computers (PC) employ a file allocation 
table (FAT) system as a file system. In the FAT system, a sector 
that is to be an access unit is basically defined as having 512 
bytes, and a write command is issued from the PC specifying a 
write block size as 512 bytes, in other words, in units of 512 
bytes. Referring to this as a premise, the following explains 
on a case where the PC records data into a memory card including 
a plurality of erase blocks each of which is composed of eight 
512 -byte write pages. 
[0011] 

A memory card in which an erase block is composed of eight 
write pages often employs the following algorithm. 

Generally, a memory card has a predetermined number (for 
example, forty) of extra erase blocks for work separate from the 
erase blocks needed to realize a guaranteed recording capacity. 
These extra erase blocks are used as blocks for work (hereafter 
referred to as the "work block 77 ). 
[0012] 

In a case where a PC needs to rewrite data over and over 
again in one sector, if this is performed so that the data is 
written over and over again on a same write page, the number of 
times the data is recorded on the write page intensively increases 
and a lifetime of the flash memory is shortened. Therefore, in 
order to avoid this, a control using the work blocks is performed. 

For example, when repeatedly overwriting data into a memory 
card in which another data has been recorded in erase blocks 
corresponding to a total recording capacity, the data is recorded 
sequentially into forty work blocks. Then, after the data is 



written in all of the work blocks, the data in the work blocks 
as erase blocks are erased and another data is recorded. 
[0013] 

FIG. 2 shows a change of a state of a memory card including 
erase blocks each of which is composed of eight 512-byte write 
pages . 

In a State 902a, sector 1 has been rewritten once, in more 
detail, sector 1 has been rewritten once by rewriting data on 
a write page among work blocks that is different from an original 
write page. In a State 902b, sector 1 has been rewritten eight 
times. Further, in a State 902c, sector 3, sector 5, and sector 
7 have been rewritten eight times . 
[0014] 

Here, in FIG. 2, a mark x indicates that a content of a 
write page is invalidated. For example, Ix indicates that the 
write page that has a content of sector 1 has been invalidated. 
Here in a memory card, validness or invalidness of each of the 
write page is managed by the FAT table. 

Hereinafter, a write page on which data has been written 
and has been invalidated is called an xx invalid page", and a write 
page on which data has been written and has not been invalidated 
is called a * valid page". In FIG. 2, a mark New indicates that 
a content of sector has been updated. For example, l(New) shows 
the sector 1 whose content has been updated. 
[0015] 

The conventional system for a high-speed recording does 
not perform, in the State 902a, the drag- in save shown by the 
State 901c in FIG. 1. The reason is to prevent a drastic 
diminishment of a recording rate because if the drag- in save is 
performed, in order to write one 512 -byte of data on a write page, 
512 bytes X 8 , in other words, data of four kilo bytes is written 



on the write page, and this would diminish a recording rate. 

With respect to the number of work blocks , forty work blocks 
that originally exist are reduced to thirty six in the State 902c, 
and further after sector 2, sector 4, and sector 6 are rewritten 
eight times as well, the number of the work blocks is reduced 
to thirty three. 
[0016] 

In a case where the erase block is composed of eight write 
pages, the sectors (for example, sector 1 to sector 8), which 
originally correspond to one erase block, may disperse into eight 
erase blocks at the largest. This phenomenon is referred to as 
>x logical dispersion" . 

When the logical dispersion occurs, the number of the work 
blocks drastically decreases, and it is likely to reach a minimum 
number (For example, one as a preset value) . If the number of 
work blocks reaches the minimum number, a task to search empty 
blocks is executed to generate new work blocks . 
[0017] 

Here, the empty block search denotes to search invalid pages 
shown by x in FIG . 2 among all of the erase blocks so that the 
erase blocks from which data has been erased can be treated as 
the work blocks, in other words, to put the erase blocks into 
the state in which valid data is not recorded. Then, from the 
erase blocks having the invalid pages, valid pages are saved into 
work blocks, and data is erased from the erase blocks to recreate 
the erase blocks as new work blocks . 
[0018] 

The above process is shown in FIG . 3 . The FIG . 3 shows states 
before and after the valid pages are saved into a work block from 
the erase block including invalid pages. 

In FIG. 3, the upper shows erase blocks that have been detected 
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by the empty block searching task and can be converted into work 
blocks, and the lower shows a work block. A State 903b shows 
a state generated by saying the valid pages of State 903a into 
the work block . 
[0019] 

In the State 903b, all of the three erase blocks in the 
upper portion are composed of invalid pages, and it is possible 
to newly generate three work blocks by erasing the data from these 
erase blocks. 

The empty block searches described above diminish a 
recording rate of the memory card. 

The memory card can be included in a plurality of host 
apparatuses one at a time as necessary. Therefore, even if the 
host apparatus writes data in units of erase blocks, when the 
host apparatus cannot identify a host apparatus which has written 
data into the memory card before, the empty block search needs 
to be performed. For example, in a case where the host apparatus 
writes data in units of erase blocks into the memory card in which 
data has been written in units of sectors by a PC, it is likely 
that the empty block search occurs and a recording rate of the 
memory card diminishes. This makes it difficult to guarantee 
the lowest recording rate of the memory card. 

Document 1 : Japanese Unexamined patent Publication No . 2000-122923 

Disclosure of the Invention 

Problem to Be Solved 
[0020] 

The object of the present invention, which has been made 
in view of the aforementioned problem, is to provide a memory 
card that can guarantee a certain lowest recording rate and a 
memory card system to record data using the memory card. 



Means to Solve the Problem 
[0021] 

To achieve the above problem, a memory card of the present 
invention comprises: a flash memory; an external interface unit 
operable to transfer data to and from a host apparatus; a storage 
unit that prestores a predetermined writable block size; and a 
controlling unit operable, when receiving through the external 
interface unit a write command which specifies a write block size, 
to (a) judge whether the write block size satisfies a predetermined 
condition in relation to the writable block size and (b) perform 
a control operation concerning whether to permit writing of data 
into the flash memory according to a result of the judgment . 
[0022] 

Here the write command instructs to write data into the 
flash memory and specifies the write block size that is a data 
size of a pat of data which the host apparatus records. The write 
command is transmitted from the host apparatus to the memory card. 
Also, the writable block size shows a predetermined data size 
and is used as data to judge whether to permit writing of data 
with respect to the write command. It should be noted here that 
the control operation concerning whether to permit writing of 
data denotes a control on whether to write data into the memory 
card or not. When it is judged not to write data, the control 
unit sends a response, to the host apparatus, to inform an error 
showing a rejection against the write command, as one example. 
Effect of the Invention 
[0023] 

The memory card that has above structure can judge whether 
the write block size that is a size of data which the host apparatus 
records and is specified by the write command satisfies a 
predetermined condition to guarantee a certain lowest recording 
rate, and can perform a control operation concerning whether to 
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permit writing of data . When the write block size does not satisfy 
the predetermined condition, the memory card sends a response 
to inform an error against the write command and does not execute 
writing of data. Therefore, if the memory card is used to record 
data sequentially by a plurality of different host apparatuses, 
it is possible to guarantee the lowest recording rate. 
[0024] 

The memory card of the present invention has a structure, 
as material for a judgment, in which the writable block size that 
is predetermined in relation with a size of the erase block of 
the flash memory is stored in a nonvolatile memory and like that. 
In order to guarantee a speed of writing of data into the flash 
memory above a certain level, the write block size should satisfy 
a predetermined condition in relation to the writable block size. 
From this perspective, if a data value of the writable block size 
prestored in the memory card is determined taking into account 
a size of the erase block, it is possible to guarantee writing 
of data at a certain lowest recording rate. 
[0025] 

Also , the writable block size may be a predetermined integral 
multiple of a size of an erase block in the flash memory, and 
the predetermined condition may be that the write block size is 
an integral multiple of the writable block size. Further, the 
controlling unit may perform the control operation to write data 
into the flash memory only if the predetermined condition is 
satisfied . 
[0026] 

With this arrangement, taking the writable block size that 
is a predetermined value of an integral multiple of the erase 
block as a minimum unit, only when the write block size is an 
integral multiple of the writable block size, data of the write 

9 



block size is written into the flash memory. Therefore, if the 
memory card is sequentially equipped in a plurality of different 
host apparatus, a drag- in save does not occur when writing the 
data into the flash memory and each host apparatus can continuously 
write the data into the flash memory at a certain lowest recording 
rate. Consequently, the memory card can guarantee the lowest 
recording rate and is suitable for a real-time recoding of moving 
images . 
[0027] 

Further, the memory card comprises a transmission unit 
operable to read the writable block size from the storage unit 
and transmit the read writable block size to the host apparatus 
through the external interface unit. 

With this arrangement, the host apparatus can obtain the 
writable block size from the memory card, and can determine the 
write block size in the write command, in other words, a data 
size to be written at one time based on the writable block size. 
[0028] 

Further, the storage unit may prestore a guaranteed write 
rate that indicates a lowest recording rate guaranteed as long 
as data is written into the flash memory in units of the writable 
block size, and the transmission unit may further read the 
guaranteed write rate from the storage unit and transmits the 
read guaranteed write rate to the host apparatus through the 
external interface unit. 
[0029] 

With this arrangement, as long as the host apparatus obtain 
the writable block size from the memory card and writes data taking 
the writable block size as a minimum unit, the host apparatus 
also obtains the guaranteed write rate that is the lowest recording 
rate guaranteed. In other words,, even if the host apparatus 
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sequentially uses a plurality of memory cards each of which 
prestores a different writable block size, the host apparatus 
can properly obtain the writable block size of each memory card 
and write data into the memory card in units of a proper write 
block size based on the writable block size. For example, with 
respect to the host apparatus that compresses an image signal 
and record it into the memory card, as long as the host apparatus 
adjusts the write block size by changing a compression rate 
according to a writable block size of each memory card, it is 
possible to write data in real timemaintaining the lowest recording 
rate. 
[0030] 

Further, the storage unit may prestore a conditional 
guaranteed write rate that indicates a lowest recording rate 
guaranteed as long as data is written into the flash memory in 
units of a certain integral multiple of the writable block size, 
and the transmission unit may read the conditional guaranteed 
write rate from the storage unit and transmits the read conditional 
guaranteed write rate to the host apparatus through the external 
interface unit. 
[0031] 

With this arrangement, in a case where the write block size 
of the memory card is 128 kilo-byte (KB) as one example, the host 
apparatus can obtain, in addition to the guaranteed write rate 
that indicates the lowest recording rate guaranteed on writing 
data in units of 128KB, the conditional guaranteed write rate 
that indicates the lowest recording rate on writing data in units 
of 256KB that is twice the writable block size. Then the host 
apparatus can properly determine the write block size as a size 
of data which the host apparatus records, based on a lowest limit 
of the recording rate required. 
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[0032] 

Also, the storage unit may further prestore a buffer memory 
capacity data that is predetermined to indicate a capacity required 
for a buffer memory that is equipped in the host apparatus, to 
guarantee the lowest recording rate indicated by the guaranteed 
write rate, and the transmission unit may further read the buffer 
memory capacity data from the storage unit and transmits the read 
buffer memory capacity data to the host apparatus through the 
external interface unit. 
[0033] 

With this arrangement, the host apparatus can obtain the 
buffer memory capacity data from the memory card, and in a case 
where the host apparatus need to write data continuously to the 
memory card at the lowest recording rate, it is possible to adjust 
a capacity of the buffer memory. The buffer memory is effective 
in guaranteeing a certain recording rate when a recording rate 
fluctuation of the memory card and an error retry are taken into 
account . 
[0034] 

Further, the memory card may comprise a writable block size 
update unit operable, responding to a request from the host 
apparatus that is received through the external interface unit, 
to rewrite the writable block size prestored in the storage unit 
so that the writable block size becomes smaller than the original 
writable block size. 

With this arrangement, it is possible, when the memory card 
is continuously used for a purpose in which a lowest recording 
rate prestored in the memory card does not need to be guaranteed, 
to update the writable block size to be smaller than the original 
and to record data into the memory card in units of smaller write 
block size. The original lowest recording rate is guaranteed 
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before this update, however, after this update, the original lowest 

recording rate can not be guaranteed. 

[0035] 

Further the memory card may comprise an update unit operable , 
responding to a request from the host apparatus that is received 
through the external interface unit, to rewrite the writable block 
size prestored in the storage unit so that the writable block 
size becomes smaller than the original writable block size, and 
then update the guaranteed write rate according to the rewritten 
writable block size. 

With this arrangement, for example, in a case where a size 
of the erase block is 128KB and the original writable block size 
is 256KB, when the writable block size is updated to 128KB according 
to instruction by the host apparatus, it is possible to transmit 
the lowest recording rate corresponding to 12 8KB that is prestored 
in the memory card to the host apparatus including the memory 
card as a new guaranteed write rate. Also, in a case where the 
writable block size is updated according to an instruction by 
the host apparatus , the guaranteed write rate is updated so that 
the guaranteed write rate becomes a predetermined value (zero, 
as one example) that indicates impossibility of guarantee, to 
show that it became impossible to guarantee the lowest recording 
rate based on the original guaranteed write rate, and then it 
is possible to transmit this update to the host apparatus that 
will include the memory card later. 
[0036] 

A memory card system of the present invention comprises 
the memory card of Claim 1; and a host apparatus that transfers 
data to and from the memory card, wherein the host apparatus 
includes a read-modif y-write unit operable, when a size of a first 
data to be written into the memory card does not reach the writable 
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block size, to (a) read a second data from a flash memory that 
is included in the memory card through the external interface 
unit, and (b) put the first data and the second data together 
to generate a third data so that the third data has the same size 
as the writable block size, and then (c) transmit a write command 
to the memory card to write the third data into the flash memory. 
[0037] 

With this structure, when data to be written into the memory 
card by the host apparatus does not reach the writable block size, 
the host apparatus preliminarily reads another data from the memory 
card and puts these data together to rebuild data of the writable 
block size. Then, the host apparatus issues a write command to 
the memory card in order to write the rebuilt data, therefore, 
it is possible to write the data into the memory card with the 
lowest recording rate being guaranteed . Consequently , the memory 
card system is used as a recording system to record in real time, 
into the memory card , received digital broadcast programs or moving 
images taken by Digital Videos. 

Brief Description of the Drawing 

FIG. 1 shows how data is written into the memory card. 

FIG. 2 shows a change of a state of a memory card including 
erase blocks . 

The FIG. 3 shows states before and after the valid pages 
are saved into a work block from the erase block including invalid 
pages . 

FIG. 4 shows a general structure of a memory card of the 
first embodiment . 

FIG. 5 shows a transmission timing of signals and data that 
are transmitted between the host apparatus and the memory card 
according to a write command . 
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FIG . 6A shows a relationship between sectors and erase blocks 
in a flash memory. 

FIG . 6B shows a relationship between sectors and erase blocks 
when a memory card includes two or more flash memories. 

FIG. 7 is a state transition diagram of erase blocks that 
make up the memory card. 

FIG. 8 is a system diagram of a queue calculation to obtain 
buffer memory capacity required. 

FIG. 9 shows a general structure of a memory card system 
according to the second embodiment. 

FIG. 10 shows an image of how a read-modif y-write is 
performed. 

FIG . 11 shows a general structure of the memory card according 
to the third embodiment. 

FIG. 12 is a flow chart that shows the response process 
against the command that instructs an update of the writable block 
size . 

Explanation of References 
[0039] 



1, 41 external interface unit 

2, 4 2 command analyzing unit 

3 controlling unit 

4 write block size judging unit 

5 data write unit 

6 flash memory 

7,47 writable block size storage unit 

8 guaranteed write rate storage unit 

9 buffer memory capacity storage unit 

10 image data input unit 

11 compressing unit 
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Best Mode for Carrying Out the Invention 



[0040] 

<First Embodiment> 

The following describes a memory card of the first embodiment 
according to the present invention. 

FIG. 4 shows a general structure of a memory card of the 
first embodiment. 

Here, in the FIG. 4, thick arrows show the flow of data 
from a host apparatus to be recorded into a memory card 20, and 
thin arrows show the flow of control signal or control data. 
[0041] 

As shown in the FIG. 4, the memory card 20 comprises an 
external interface unit 1 , a command analyzing unit 2 , a controlling 
unit 3, a flash memory 6, and a ROM (Read Only Memory) 19 that 
includes a writable block size storage area 7, a guaranteed write 
rate storage area 8, and a buffer memory capacity storage area 
9. 

Here, the external interface unit 1 receives a command from 
a host apparatus and sends, to the host apparatus, a response 
against the command issued by the host apparatus . The external 
interface unit 1 also transfers data. 



The command analyzing unit 2 analyzes the command received 
by the external interface unit 1 . There are various kinds of 



[0042] 
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commands , such as a write command to write data into a flash memory 
included in the memory card, a read command to read data from 
the flash memory, and a command to read contents stored in the 
writable block size storage area 7, the guaranteed write rate 
storage area 8, or the buffer memory capacity storage area 9. 
The write command to be received from the host apparatus specifies 
a write block size that denotes an amount of data to be written 
and a starting sector from which the data is written. 
[0043] 

A control system and a control performance of the read command 
are the same as those of the conventional memory card, and an 
explanation is omitted. If the command analyzing unit 2 analyzes 
a command as a command to read contents stored in the ROM 19, 
the command analyzing unit 2 reads the contents and sends the 
read contents to the host apparatus through the external interface 
unit 1 as a response against the command. 
[0044] 

The writable block size storage area 7 is an area where 
a writable block size is prestored, the writable block size being 
a size of data which the host apparatus is allowed to record. 
In the guaranteed write rate storage area 8, a guaranteed write 
rate that shows the lowest recording rate guaranteed is prestored. 
In the buffer memory capacity storage area 9, a buffer memory 
capacity data that is requested to the host apparatus to assure 
the guaranteed write rate is prestored. 
[0045] 

The controlling unit 3 includes a write block size judging 
unit 4 and a data write unit 5, and accesses the flash memory 
6 by reading or writing data, according to an analysis by the 
command analyzing unit 2. 

The write block size judging unit 4 judges, in reference 
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to the writable block size prestored in the writable block size 
storage area 7, whether a write block size specified by the write 
command that is analyzed by the command analyzing unit 2 is 
appropriate or not. If the write block size is appropriate, the 
write block size judging unit 4 instructs the data write unit 
5 to write data according to the write command. If the write 
block size is not appropriate, the write block size judging unit 
4 sends a response to inform an error to the host apparatus through 
the external interface unit 1 and other units. When the host 
apparatus receives the response informing an error, it cancels 
writing of data. On the other hand, when the host apparatus does 
not receive the response to inform an error, it continuously sends 
data of the write block size to the memory card. 
[0046] 

The following explains how data is written into the memory 

card . 

First, the host apparatus issues, through the external 
interface unit 1, a write command being a control command to the 
memory card. Here, the explanation is provided on a case where 
a command to write data into eight sectors consecutively from 
the zeroth is issued. 

FIG. 5 shows a transmission timing of signals and data that 
are transmitted between the host apparatus and the memory card 
according to a write command. 
[0047] 

In FIG. 5, the row 111 for command/response indicates a 
transition of a command from the host apparatus to the memory 
card 20 and a response against the command from the memory card 
20 . A transfer of data to be written into a memory card starts 
after the write command is issued by the host apparatus. When 
the data is transferred properly, a status value that shows a 
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completion of data transfer is sent to the host apparatus from 
the memory card 20 after a data transfer is completed. 
[0048] 

In FIG. 5, the row 112 for transfer data indicates how eight 
sectors of data each of which is 512 bytes (512B) are transferred 
to the memory card from the host apparatus. 

In FIG. 5, the row 113 for interrupt signal indicates how 
an interruption signal is asserted to the host apparatus from 
the memory card 20. The memory card 20 asserts the interruption 
signal each time the memory card is ready to receive next 512 
bytes of data. Also, when a transfer of eight sectors of data 
and then a preparation of a status are completed, the memory card 
20 asserts the interruption signal to inform the host apparatus 
of timing to read a status value. The host apparatus transfers 
data and reads the status at a timing instructed by the interruption 
signal . 
[0049] 

When the host apparatus issues a write command, the memory 
card 20 receives the write command through the external interface 
unit 1 and transfers it to the command analyzing unit 2. The 
command analyzing unit 2 analyzes the write command as "write 
eight sectors consecutively from the zeroth" , and the analysis 
result data is input to the block size judging unit 4. 

The block size judging unit 4 judges, with reference to 
the writable block size prestored in the writable block size storage 
area 7 and the analysis result data from the command analyzing 
unit 2, whether or not the specifications of the write command 
satisfy a condition that is set based on the writable block size. 
[0050] 

Here, the explanation is provided on a case where a write 
block size is represented by the number of sectors, and a 
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predetermined number of sectors ( 1 sector = 512 bytes ) is registered 
as a writable block size. In this case, if the writable block 
size is eight, the condition is the following. 

Condition: | ( starting sector number ) %8=o( and ((the number 
of sectors as a write block size)%8=0| 

In other words , the condition is satisfied when the starting 
sector, from which data is written and which is specified by a 
write command, is positioned to demarcate each sector group that 
is composed of as much sectors as the writable block size, and 
also when the write block size that is specified by the write 
command is an integral multiple of the writable block size. 
[0051] 

Consequently, the write block size judging unit 4 executes 
a write command issued by the host apparatus only when both of 
the following conditions are met. One condition is that residue 
obtained by dividing, by eight, the starting sector number that 
is specif ied by the write command is zero. The other condition 
is that residue obtained by dividing, by eight, the number of 
sectors as a write block size that is specified by the write command 
is zero. In other cases, the block size judging unit 4 informs 
an error of the write command to the host apparatus. Here, when 
the write command is judged as executable by the block size judging 
unit 4, subsequent data from the host apparatus is written into 
the flash memory 6 through the data write unit 5. 
[0052] 

In the aforementioned writable block size storage area 7, 
the number of sectors which make up an erase block of the flash 
memory 6 is prestored as a writeable block size. The following 
explains the writable block size. 

Here, the explanation is provided for the memory card that 
contains only one flash memory. The explanation is also provided 
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on a case where one erase block is composed of eight sectors, 
where a size of a write page of a flash memory is the same as 
that of a sector, and where eight is prestored as a writable block 
size. If a memory card contains two or more flash memories and 
consecutive sector numbers specified by the write command that 
is issued by the host apparatus are interleaved into two or more 
flash memories, (the number of sectors which make up an erase 
block of a flash memory) X(the number of flash memories) should 
be stored as a writable block size. 
[0053] 

FIG. 6A and FIG. 6B show relationships between sectors and 
erase blocks . 

FIG . 6A shows a relationship between sectors and erase blocks 
when a memory card includes only one flash memory. FIG. 6B shows 
a relationship between sectors and erase blocks when a memory 
card includes two flash memories: a flash memory 121 and a flash 
memory 122 . In FIG . 6 A and FIG . 6B , each number shows sector numbers , 
and rectangles with broken sides and rectangles with solid sides 
respectively show sectors and erase blocks. In FIG. 6B, since 
the sector numbers are interleaved into the two flash memories, 
the number of sectors that make up erase blocks is sixteen. 
[0054] 

In this embodiment, as a result of a conditional judgment 
based on the writable block size, data is written only in units 
of blocks the number of which is an integral multiple of the number 
of erase blocks . 

The following explains problems that occur when data is 
not written in units of blocks the size of which is an integral 
multiple of a size of erase blocks, with reference to FIG. 7. 

FIG. 7 is a state transition diagram of erase blocks that 
make up the memory card. As shown in FIG. 7, each erase block 
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is categorized into following six states . 
[0055] . 

Tstate aJ : All of write pages that make up an erase block 
are writable. An erase block in this state can be used as a work 
block. 

Tstate Bj : Some of write pages that make up an erase block 
are writable, and some of write pages on which data has been 
written are valid pages. 

Tstate cj : Some of write pages that make up an erase block 
are writable, and write pages on which data has been written are 
all invalid pages . 
[0056] 

Tstate Dj : None of write pages that make up an erase block 
is writable, and the write pages on which data has been written 
are all invalid pages . 

Tstate E J : None of write pages that make up an erase block 
is writable, and some of the write pages on which data has been 
written are valid pages . 

Tstate Fj : None of write pages that make up an erase block 
is writable, and the write pages on which data has been written 
are all valid pages. 
[0057] 

In FIG. 7, arrows indicate transitions. Arrows shown by 
broken lines indicate cases where the drag- in save occurs during 
a transition. Arrows shown by thick lines indicate transitions 
in a case where data is written only in units of erase blocks . 

As shown in FIG. 7A, in the State A, the write pages that 
make up the erase block are all writable, and the erase block 
can transit to the State B and the State F. 
[0058] 

In the State B, some of the write pages that make up an 
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erase block are writable. However, some of the write pages on 
which data has been written are valid pages and the data can not 
be erased. Therefore, the erase block can transit to the State 
C, State E, and the State F. 

Also, in the State C, some of the write pages that make up 
the erase block are writable. The write pages on which data has 
been written are all invalid pages, and the data can be erased. 
The erase block can transit to the State A and the State E. 
[0059] 

In the State D, none of the write pages that make up the erase 
block is writable. However, the write pages on which data has 
been written are all invalid pages, in other words, an erase block 
to be erased. Therefore, it is possible to transit to the State 
A when the data is erased from the erase block. 

In the State E, none of the write pages that make up the erase 
block is writable, and the write pages on which data has been 
written includes some valid pages. Therefore, the data cannot 
be erased. However, the erase block can transit from the State 
E to the State D if the valid write pages thereof are saved into 
the write pages of the erase block in the State A,B,or C from 
which data has been erased. 
[0060] 

Further, in the State F, none of the write pages that make 
up the erase block is writable, and the write pages on which data 
has been written are all valid pages. However, the erase block 
can transit from the State F to the State E if some of the valid 
write pages thereof are saved into the write pages of another 
erase block, and can transit from the State F to the State D if 
all of the valid write pages thereof are saved into the write 
pages of another erase block. 

The following describes a state where an empty block search 
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occurs with reference to the state transition diagram in FIG 7. 

First, three States, SI, S2, and S3 are defined. 

[0061] 

A state (SI), in which the memory card is full of erase 
5 blocks, is composed of the State A, the State D, and the State 
F. 

In a state (S2) , in which data is written in units of small 
number of blocks, are blocks in the State A in the State SI that 
have transited to the State B, E, and blocks in the State B further 
10 transit to the State E. 
[0062] 

A state (S3) in which an empty block search occurs is a 
state where the State A does not exist. 

When data is written in units of small number of blocks, 
15 the State of a memory card transits from SI to S2 and to S3, and 
an empty block search occurs . 

A task to search all of the erase blocks for invalid pages 
occurs in the State S3. This would make it difficult to write 
data at a high speed. 
20 [0063] 

When searching empty blocks, it takes relatively short time 
if invalid pages are detected from the erase blocks immediately. 
However, there are some cases where invalid pages are not detected 
until all of the erase blocks are searched. Therefore, the time 

25 required to detect empty blocks varies greatly. 

It is accordingly preferable to repeat transitions *the 
State A-*the State F -^the State D-^the State A" to prevent an 
empty block search from occurring and to realize a high-speed 
recording into a memory card. 

30 [0064] 

In this embodiment, when a write command that is judged 



not to satisfy a condition based on the writable block size storage 
unit 7. by the write block size judging unit 4, the write block 
size judging unit 4 informs an error of the write command to the 
host apparatus. Therefore, it is possible to exclude writing 
of data not in units of erase blocks and to maintain a constant 
recording state of the memory card . Also it is possible to prevent 
the past recording state of the memory card from degrading the 
recording rate in the writing thereto afterward . For this reason , 
it is possible to guarantee the recording rate of the memory card 
without identifying the host apparatuses that recorded data to 
the memory card in the past. 
[0065] 

The following explains the guaranteed write rate prestored 
in the guaranteed write rate storage area 8 of the memory card 
20 . 

The guaranteed write rate is determined based on a lowest 
recording rate guaranteed on writing data into the memory card 
20 and the write block size on which the guarantee of the lowest 
recording rate is premised . The host apparatus can read a writable 
block size and the guaranteed write rate from the memory card. 
It is accordingly possible to construct a more flexible system 
in which when a camera recorder compresses image signals and records 
the compressed image signals into the memory card, the compression 
rate is changed to meet the guaranteed write rate. 
[0066] 

The following explains the buffer memory capacity data 
prestored in the buffer memory capacity storage area 9 of the 
memory card 20. 

The buffer memory capacity data shows capacity of a buffer 
memory provided in the host apparatus. The buffer memory is used 
for the following purposes . 
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The first purpose is to shorten the time required for an 
error handling and for a retry process performed by the host 
apparatus when an error is generated on writing data into the 
memory card . 

The second purpose is to smooth a variation in time required 
for a writing process by an algorithm of writing data into the 
memory card. 
[0067] 

The error described in the first purpose mainly indicates 
a case where a defective sector is generated in the flash memory. 
The defective sector is generated with a probability of one in 
hundred thousand writings. 

It takes 100 ms for the memory card 20 to perform an error 
registration process and a retry process of writing when a defective 
sector is generated. Therefore, if, for example, a defective 
sector is generated three times per one recording of data into 
a memory card, a buffer memory having a capacity corresponding 
to 300 ms is needed. Also, in this case, the guaranteed write 
rate needs to be set slightly lower than a guaranteed write rate 
in a case where an error is not taken into account . The reason 
is that an overflow of the buffer memory may occur when data is 
recorded endlessly into the memory card. A relation between the 
buffer memory capacity data and the guaranteed write rate is 
obtained by performing a queue calculation in the system shown 
in FIG. 8. 
[0068] 

The highest input rate of predetermined buffer memory 
capacity data is obtained from a probability of an error ( p ) , 
a time required for error handling by the memory card (Tb), a 
time required for write process of the memory card when an error 
is not generated (Ta) , and a time required to input predetermined 
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blocks of data to the buffer memory (Tc) . Then the buffer memory 
capacity data and the highest input rate are registered in the 
memory card as the guaranteed write rate. 
[0069] 

With respect to the second purpose of the buffer memory, 
various algorithms are assumed as algorithms of writing data into 
the memory card. In an algorithm to write a conversion table 
of logical addresses and physical addresses into a memory card 
after predetermined blocks of data was written, the writing time 
of the conversion table is periodically added. 
[0070] 

For example, in a case where the conversion table is 
registered each time a thousand erase blocks are written , an average 
value is registered as the guaranteed write rate, and a capacity 
corresponding to a time required to register the conversion table 
is registered in the buffer memory capacity data. 

As deiscribed above , in a memory card that performs a real-time 
recording, by registering a necessary buffer memory capacity data 
and a guaranteed write rate in the memory card itself based on 
an error property of the memory card and a control algorithm, 
it is possible to establish a system that maximizes the performance 
of the memory card. Also, in a case where a memory card of different 
characteristic is included, it is possible for the host apparatus 
to respond flexibly by changing memory assignment and a compression 
rate of image signals, with reference to necessary information 
such as a buffer memory data and a guaranteed write rate prestored 
in ROM 19 of the memory card. 
<Second Embodiment> 

The following explains a memory card system according to 
the second embodiment of the present invention. 
[0071] 

27 



FIG. 9 shows a general structure of a memory card system 
according to the second embodiment. 

As shown in FIG. 9, the memory card system composed of the 
memory card 20 described in the first embodiment and a host 
apparatus 21 that records data into the memory card. Here the 
explanation is provided on a case where a camera recorder is used 
as the host apparatus 21. 

The host apparatus 21 includes an image data input unit 
10, a compressing unit 11, a buffer memory 12, a read-modif y-write 
unit 13, and a controlling unit 14. 
[0072] 

The image data input unit 10 is where digital image data 
is input. 

The compressing unit 11 compresses the image data that is 
input through the image data input unit 10 . 

The buffer memory 12 temporarily stores the image data. 

The read-modif y-write unit 13 records the data read from 
the buffer memory 12 into the memory card 20, and performs a 
read-modif y-write when recording the data into the memory card 
20, the read-modif y-write being described later. 
[0073] 

The controlling unit 14 issues, when the memory card 20 
is included in the host apparatus 21 , a command to read the writable 
block size, the guaranteed write rate, and the buffer memory 
capacity data that are prestored in the memory card 20. Then, 
the controlling unit 14 reads these data and stores as a control 
parameter, and then controls the compressing unit 11, the buffer 
memory 12, and the read-modif y-write unit 13 according to the 
control parameter . 
[0074] 

The following explains how the camera recorder as the host 
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apparatus 21 records in real time a digital image data input by 
an imaging device into the memory card 20. 

The controlling unit 14 performs the following according 
to the control parameter read from the memory card 20 and stored 
therein. The controlling unit 14 changes the compression rate 
of the compression unit 11 to meet the guaranteed write rate, 
assigns the memory mounted in the host apparatus as the buffer 
memory for the memory card to meet the buffer memory capacity 
data , and issues a write command that meets the condition regarding 
the writable block size explained in the first embodiment. Here, 
when issuing a write command, the controlling unit 14 controls 
the read-modif y-write unit 13 so that the write command to write 
data in units of blocks indicated by the writable block size is 
issued to the memory card. 
[0075] 

The following describes a performance of the 
read-modif y-write unit 13 under control of the controlling unit 
14 . 

When a value shown by the writable block size that is stored 
as a control parameter is eight, data should be written in units 
of eight sectors (=four kilobytes). In this case, there is no 
problem if data to be recorded into the memory card is an integral 
multiple of four kilobytes. However, when recording twenty-two 
kilobytes of image data, the data should be divided into five 
four-kilobyte blocks and one two-kilobyte block. As a matter 
of course, it is acceptable to add two kilobytes of dummy data 
to the two-kilobyte block so that it becomes a four-kilobyte block . 
However, in a case where system data such as FAT (File Allocation 
Table) is recorded, it is not possible to add dummy data with 
this technique . 
[0076] 

29 



Therefore, there is a problem that when updating FAT with 
a memory card in which data can be written only in units of integral 
multiples of eight sectors, the host apparatus should possess 
data that is generated by mirroring FAT data of the memory card. 
The read-modif y-write unit solves this problem by performing a 
read-modif y-write . 

FIG . 10 shows an image of how a read-modif y-write is performed 
in a case where data is written in four sectors consecutively 
from the sector whose sector number is eight. 
[0077] 

In FIG. 10, the data 201 indicates data to be written into 
the predetermined four sectors, the data 202 indicates data read 
from sectors of the memory card, and the data 203 indicates data 
that is actually written in the sectors of the memory card as 
a result of the read-modif y-write . 

As shown in FIG. 10, when writing data, the read-modify 
write-unit 13 reads data based on the number of sectors indicated 
by the writable block size from the memory card, in other words, 
identifies sectors to be written and other sectors (hereafter, 
referred to as the ''sectors in pair") so that the total number 
of the sectors in pair coincides with the number of sectors 
indicated by the writable block size, and read the data 202 as 
the other sectors in the pair. Then the read-modif y-write is 
completed after building up eight sectors of data by putting four 
sectors of data 201 to be written and four sectors of data 202 
that is read from the memory card together, and then writing it 
into the memory card. 
[0078] 

As described above, by performing the read-modif y-write, 
the host apparatus does not need to possess a mirror data when 
updating a system data such as FAT. 
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Also, if applying the read-modify- write only when updating 
FAT in which a technique to add dummy data cannot be used. This 
makes it possible to control a degradation of a recording rate 
caused by reading data before writing it. 
[0079] 

As described above, in a memory card system according to 
this embodiment, it is possible to guarantee a recording rate 
on recording data into the memory card by performing a control 
based on a writable block size, a guaranteed write rate, and a 
buffer memory capacity data that are prestored in the memory card. 
<Third Embodiment> 

The following explains a memory card 30 that is generated 
by partly deforming the memory card 20 of the first embodiment. 
[0080] 

The memory card 20 divides, to prevent a recording rate 
from becoming lower than a predetermined rate, data into writable 
block sizes which are integral multiples of an erase block and 
accepts writings of data from the host apparatus only in units 
of integral multiples of the writable block sizes, and regards 
other writings as errors. Therefore, the host apparatus has a 
function to read the writable block size 7 stored in the ROM 19. 
On the other hand, a memory card 3 0 stores the writable block 
size not in the ROM 19 but in a nonvolatile re-writable memory 
that is different from the flash memory 6 , and updates the writable 
block size under given conditions. 
[0081] 

FIG. 11 shows a general structure of the memory card 30 
according to the third embodiment. Here, in FIG. 11, components 
of the memory card 30 according to the present embodiment that 
are the same as the components of the memory card 20 according 
to the first embodiment are given the same reference numerals, 
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and there are some parts explanations are omitted. Also, thick 
arrows show the flow of data from a host apparatus to be recorded 
into a memory card 30, and thin arrows show the flow of control 
signal or control data. 
[0082] 

As shown in FIG. 11, the memory card 30 according to the 
third embodiment comprises an external interface unit 4 1 , a command 
analyzing unit 42 , a controlling unit 3 , a flash memory 6 , a writable 
block size storage area 47 that is a nonvolatile memory, and a 
ROM (Read Only Memory) 4 9 that includes a guaranteed write rate 
storage area 8 and a buffer memory capacity storage area 9. 

Here, the external interface unit 41 has a function, in 
addition to a function of the external interface unit 1 described 
in the first embodiment, to accept and response to a command that 
instructs to update a writable block size from the host apparatus . 
[0083] 

The command analyzing unit 42 analyzes a command received 
by the external interface unit 41. If the command analyzing unit 
42 analyzes a command as a command to read contents stored in 
the ROM 49, the command analyzing unit 42 reads the contents and 
sends the read contents to the host apparatus through the external 
interface unit 41 as a response against the command. Also, if 
the command instructs to update the writable block size, the command 
analyzing unit 42 performs a response process against the command 
that instructs an update of the writable block size which will 
be described later. 
[0084] 

The writable block size storage area 47 is a part of a 
nonvolatile rewritable memory where a writable block size that 
indicates a block size in units of which a host apparatus can 
record data, and the same value as the value stored in the writable 
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block size storage area 7 according to the first embodiment is 
set as an initial value . 

The guaranteed write rate storage area 8 included in the 
ROM 49 is where a guaranteed write rate that shows the lowest 
recording rate guaranteed is prestored. Also, in the buffer 
memory capacity storage area 9, buffer memory capacity data that 
is requested to the host apparatus in order to assure the guaranteed 
write rate is prestored. 
[0085] 

The write block size judging unit 4 included in the 
controlling unit 3 judges, in reference to the writable block 
size prestored in the writable block size storage area47, whether 
a write block size specified by a write command that is analyzed 
by the command analyzing unit 42 is appropriate or not. If the 
write block size is appropriate, the write block size judging 
unit 4 instructs the data write unit 5 to write data according 
, to the write command. If the block size is not appropriate, the 
write block size judging unit 4 sends a response to inform an 
error to the host apparatus through the external interface unit 
41 and other units. How data is written based on a control by 
the controlling unit 3 has been explained in the first embodiment, 
therefore, an explanation is omitted. 
[0086] 

The following explains the response process against the 
command that instructs an update of the writable block size. 

FIG. 12 is a flow chart that shows the response process 
against the command that instructs an update of the writable block 
size . 

The command that instructs an update of the writable block 
size is issued, with an appointed value for update of the writable 
block size, by the host apparatus. 
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[0087] 

When the command analyzing unit 42 receives the command 
that instructs an update of the writable block size, it obtains 
the specified value (Step S51) and judges if the specified value 
satisfies the predetermined condition or not (Step S52) . If the 
result shows that the specified value does not satisfy the 
predetermined condition, the command analyzing unit 42 informs 
an error to the host apparatus , through the external interface 
unit 41 (Step S54) . If the result shows that the specified value 
satisfies the predetermined condition, the command analyzing unit 
42 registers the specif ied value in the writable block size storage 
area 47 as a new writable block size (Step S53). 
[0088] 

The predetermined condition according to the Step S52 
denotes that the initial value of the writable block size storage 
area47 is eight indicating eight sectors, on a presupposition 
that the erase block size is 2 sectors . Also, on a presupposition 
that the specified value is determined according to the number 
of sectors, the predetermined condition denotes the specified 
value is smaller than the write block size stored in the writable 
block size storage area 47 at a moment that the specified value 
is determined, and also four or two. 
[0089] 

Consequently, the host apparatus can update the writable 
block size of the memory card 30 by setting the specified value 
of the write block size as four or two. However, once the host 
apparatus update the writable block size to four, it cannot return 
the write block size to eight , and in this case, if the host apparatus 
further updates the writable block size, it can update the writable 
block size only to two. Also, after the host apparatus updates 
the writable block size to two, it cannot return the writable 
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block size to eight or four. 

As described above, when the host apparatus updates a 
writable block size of the memory card 30 to four, a recording 
rate becomes lower than the recording rate when data is written 
in units of eight sectors. However, even when the memory card 
30 is included in another host apparatus, the host apparatus can 
read from the memory card 30 that the write block size is four 
sectors . 

In the guarantee write rate storage area 8, in addition 

to the guaranteed write rate in relation to the initial writable 

block size, a guaranteed write rate that shows lowest recording 

rate guaranteed according to units of block sizes to comprise 

each writable block size after an update, in other words, a 

conditional guarantee write rate, may be prestored. 
<Complement> 

Although the memory card and the memory card system of the 
present invention are described based on the preferred embodiments 
as above, the present invention should not be limited to the above 
embodiments. For example, the following modifications can be 
applied to the memory card. 

(1) In the embodiments above, a writable block size is the 
same as the size of an erase block. However, a lowest recording 
rate is guaranteed if the writable block size is an integral 
multiple, such as twice or quadruple, of the erase block. It 
should be noted here that, in the above embodiments, the values 
of the writable block size are cited merely by way of example. 
For example, in a case where an erase block is 128 kilobytes and 
one sector is 512 bytes, the writable block size is, when 
represented by the number of sectors, 256. 

( 2 ) The condition the write block size and the write starting 
sector number should meet in relation with the writable block 
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size described in the first embodiment includes an assumption 
that the write starting sector number is divisible by the number 
of the sectors shown by the writable block size. However, if 
the host apparatus that issues a write command specifies the write 
starting sector number so that the write starting sector number 
becomes an integral multiple of the number of sectors shown by 
the writable block size, the memory card does not have to perform 
a judgment concerning the condition based on the starting sector 
number. Also, values of the writable block size and the write 
block size are not limited to be expressed by the number of sectors , 
and can be expressed by the number of bytes, and the like. 

(3) Also, it is acceptable to have the memory card store, 
in addition to the guaranteed write rate described in the first 
embodiment, guaranteed write data equivalent to each write block 
size that is an integral multiple of the writable block size, 
in other words, guaranteed write data under condition (hereafter 
referred to as the ^conditional guarantee data", so that the host 
apparatus can receive the conditional guaranteed write data. 

( 4 ) Although in the above embodiments , an example in which 
a write block size is set in relation with a size of an erase 
block is provided, a writable block size can be set so that the 
writable block size becomes an integral multiple of a write page. 
Also, in the future, a flash memory in which an erase block comprises 
relatively few write pages maybe developed. In this flash memory , 
it is highly possible that a drag- in save is performed each time 
data is recorded, therefore, a diminishment of a recording rate 
due to the empty block search is not likely to occur. Therefore, 
it is acceptable to set the writable block size at 512 bytes that 
is equivalent to one sector, and to prestore, for each of most 
relevant block size according to a characteristic of the memory 
card, this block size and a conditional guaranteed write rate 
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when data is written in units of those sizes. 

(5) Although, in the third embodiment, an issue of a command 
to instruct an update of the writable block size by the host 
apparatus leads the memory card to judge if the writable block 
size can be updated or not and to update the writable block size 
if it can be updated, the command to instruct an update of the 
writable block is not necessarily used. For example, in the wake 
of an issue of a write command specifying a write block size that 
is smaller than a writable block size by the host apparatus, in 
a case where the memory card receives a response indicating forcible 
execution of the write command by the host apparatus after the 
memory card sends a response to inform an error to the host apparatus , 
the memory card may judge whether or not the write block size 
can be updated and update the writable block size if it can be 
updated . 

(6) The memory card described in the third embodiment may 
be modified such that the guaranteed write rate is stored in a 
nonvolatile rewritable memory, the writable block size is updated 
according to a command to instruct an update of the writable block 
size, and the value of the guaranteed write rate is rewritten 
to a value that shows an inability of guarantee. With this 
arrangement, in a case where a host apparatus that equip a memory 
card for a purpose in which a lowest recording rate does not need 
to be guaranteed, once updates the writable block size, another 
host apparatus that includes this memory card later is able to 
recognize that a lowest recording rate is not guaranteed with 
this memory card by reading a guarantee write rate. Therefore, 
for example, the host apparatus can give notice to users or perform 
other processes . 

(7) The memory card described in the third embodiment may 
receive a command to erase data in all of erase blocks in a flash 
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memory. When the memory card receives the command, it may set 
again an initial setting value (eight, as one example) as a writable 
block size after the data in all of the erase blocks are erased. 
With this arrangement, when a host apparatus updates a writable 
block size of a memory card to a value that is smaller than the 
initial setting value and writes data, another host apparatus 
that includes this memory card later can write data with the initial 
lowest recording rate being guaranteed if the data in all of the 
erase blocks are erased. 

Industrial Applicability 
[0090] 

The memory card and the memory card system of the present 
invention are able to guarantee a recording rate when writing 
data. Therefore, the memory card and the memory card system are 
suitable for a continuous and a high-speed data recording, and 
can be used in a business-oriented image field where a real-time 
recording should be assuredly performed 
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